Abstract. Tubular structure is extensively used from domestic to aviation kind of applications. Life and safety are most considered in designing tube structure that against failure. For the last 200 years of research output and understanding, it was estimated that about 90% of metal failures were due to the external or surface defect and environmental attacks. The present work had focused on damage tolerant fatigue life prediction on aluminium cylindrical structures. Endurance tests were conducted with a constant amplitude repetitive loading at both, in room and high temperatures. A notch is introduced by wire cut machined on external surface and in a straight line with circumferential orientation to represent an external defects and flaws. Crack growth rates were measured by imaging technique. The experimental results suggested that the creep fatigue life is shorter than conventional fatigue life. The effect of stress ratio is also presented. The fully reversed with high temperature results registered the most severe damage with tremendous of life reduction.
Introduction
In many engineering components thermo-mechanical loading does occur, e.g. turbines blades, cylinder heads, pipes, exhaust manifolds in combustion engines. Indeed, many methods have been developed to describe the life time behavior under thermo-mechanical, especially with the latest, thermo-mechanical fatigue life assessment of aluminium components using Sehitoglu model [1] . However, in this fatigue model, oxidation and creep damage were considered with approximately 20 parameters involved. Yet again, the model was originally developed for 1070 steel, it shows the robustness for predicting life of aluminium alloy.
Environment assisted fatigue crack growth mechanics that analyse the environmental effects during creep fatigue crack growth in aluminium alloy for supersonic aircraft was recently performed by Henaff et al. [2] . On the other hand, since 1988, Srivatsan [3] highlight that for aluminium alloy that subjected to high temperature low cycle fatigue exhibits a nonlinear plastic strain fatigue life relationship. The creep was registered for responsible to the reduction in fatigue life. Furthermore, the work suggested that the contribution to fatigue life reduction by creep and environmental effects was magnified by the applied stress.
In short, it is evident that the temperature is one of the major factors that affect the fatigue characteristic specifically the fatigue strength of low carbon steel or any other materials. The method to determine fatigue strength of any mechanical parts that are subjected to cyclic stresses depends on the nature or the intended purpose of their utilization. In other word it relied on their design philosophy. The finite life or stress-life (S-N) approach is the most common in applications, which require live span of the parts to fall in high-cycle fatigue (HCF) region, compared to the strain-life (ε-N) and the damage tolerant or linear-elastic fracture mechanics (LEFM) approaches, which have tendency focusing on low-cycle fatigue (LCF) domain. The present work studied a high temperature fatigue behavior of aluminium tube based on the stress-life (S-N).
Materials and Method
In the present research the 6063-T5 Al alloy in the shape of tubular specimen was studied. 6063 Al alloy is a treatable aluminum-silicon alloy with specific design presented in Fig. 1 . The standard fatigue specimen includes a uniform or hourglass section. In this study, the hourglass specimen was chosen according to ASTM E606 and was polished on the surface in order to remove surface defect and machining mark which may cause crack initiation on the material surface. ASTM Standards of E8M (ASTM, 2001) and E606 (ASTM, 1998a) types of sample configurations and dimensions were used in constant-amplitude axial fatigue tests. The specimen is shown in Fig. 1 .
In this study the influences of two parameters as temperature variation and different stress ratios on the fatigue lifetime of the Al alloy. Here fatigue tests were carried out on the hourglass specimens at room temperature and 350°C for fully reversed cyclic loading (R=-1) and R=0.1. Fatigue crack propagation through the tubular specimen was investigated by initiating a crack with the length of 2.5 mm and the depth of 0.37mm on surface of the middle of the specimen as shown in Fig. 2 . The effect of stress ratio on crack growth rate was investigated through studying the crack behavior for fully reversed cyclic loading R=-1 and R=0.1 at the room temperature. The crack length was measured by visual observation using traveling microscopy video. The specimen was gridded with specified distance for visual observation. Fatigue test was paused at specified intervals, and then the measured crack length was recorded by microscopy video with number of passed cycles.
The specimen was under creep test for 12 hours, at 350°C temperature in order to determine the effects of high temperature and creep phenomenon on material characteristics under static loading. Creep test was carried out to recognize different stages of material creep behavior. To reach the temperature of 350°C, an electrical resistance furnace was designed. Due to material properties are sensitive to variation of temperature therefore temperature was accurately controlled by electrical thermocouple with tolerance of ± 2°C. Furnace included two parts, internal and external part. Internal part was an electrical resistance and external part surrounded the internal part and isolates it from direct contact with environment to reduce the heat exchange. Fig. 3 exhibits the furnace.
Results and Discussion
Fatigue test. Fig. 4 represents the experimental results of fatigue test for two different stress ratios (R=-1, 0.1), in room and 350°C temperature. In this figures maximum applied stresses have been plotted versus the average number of cycles at material fatigue failure. From the results, two equations were fitted to each set of fatigue life data in order to predict the material fatigue life as follows in term of power law: Fig.4 Comparing log-log scale fatigue at room temperature and 350°C with R= -1 and 0.1
It is shown that the fatigue experimental data fitted by Basquin Equation is in log-log scale. As shown in this figure the relation between applied load and specimen's life follows a linear relationship in log-log scale, where the slope of the line is equal to b exponent. In fact extracting the constant parameters of Basquin equation (a and b) fitted to the experiments, is easier in the log-log scale. Therefore it can be noted at this range of temperature, the effect of stress ratio is more significant than that of temperature. It can be mentioned that fully reverse fatigue is more severe damage than fatigue with R=0.1. Temperature affects on fatigue behavior are shown in this figure regarding changes in position of data collected by similar stress ratio. It can be concluded that the combination of temperature and stress can have a large effect on fatigue material behavior and worst when there is combination of fully reversed and high temperature.
Fatigue Crack growth. Fatigue crack growth test was conducted for the tubes till the crack depth reached through-wall and crack depth and number of cycles were recorded [4] . The crack growth rate da/dN is correlated with ∆ K using the power law relation in steady state fatigue as 5 illustrates a comparison between material fatigue lifetimes in fully reversed loading (R=-1) and R=0.1 condition in room and 350°C temperatures. The negative slope of fitted line in this figure denotes the increase in lifetime or number of cycles while applied loading decreases. As ∆ K increases, fatigue crack growth rate increase more rapidly in fully reversed fatigue cyclic, (R=-1) than does stress ratio, (R=1). It is clear that for both temperatures shows in the fully reversed fatigue resistance of the material is lower than in R=0.1 condition and consequently fatigue life decreases.
The current work exhibits the influence of loading condition including the value of the applied stress and stress ratio on the fatigue crack behavior of the material was investigated by considering three different values of stress under two various stress ratios. Fig. 6 shows the comparison the crack growth process for fully reversed (R= -1) and stress ratio of R= 0.1 under 107.97, 161.96 and 215.95 MPa applied stresses.
It is observed that crack growth rates process is giving the similar variations and trends under different loading. It can see that fatigue behaviors will arise follows in to increasing the crack length by passing the loading cycles; hence the crack growth rate increases too. In other words crack propagation rates accelerate with crack growths. The significant increase can be correlated to the crack closure effect, which reduced as stress ratio increases. It is fact that the crack behavior is supported by theoretical concept which is modeled using the Paris Law. The higher stress intensity factor (K) caused by crack growth phenomenon (see Eq. 4 where λ is geometry coefficient, σ denotes applied stress and a is crack length) leads to higher crack growth rate based on any crack growth models like Paris law (Eq. 3).
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Fracture and Strength of Solids VII 1) For the range of temperature below 350°C the effect of stress ratio on material fatigue life is more significantly than temperature. However the combination of temperature and stress ratio has a large effect on material fatigue behavior where the combination of fully reversed and high temperature conditions intensely reduces the material fatigue life.
2) From experimental the high value of applied stress accelerates the crack propagation and reduces the material fatigue lifetime. Stress ratio which has the reverse fatigue effect on the crack growth process will cause the fatigue crack propagation escalates by decreasing the stress ratio from R= 0.1 to R= -1.
3) The experimental transition loading between 10 kN, 15 kN and 17 kN is increasing in term of creep strain rate accelerates under higher applied stresses.
